Agglomeration economies are among the most important factors in increasing firm productivity. However, there is little evidence supportive of this in Africa. Using the firm registry database in Tanzania, this paper examines a new application of the logit approach with two empirical issues taken into account: spatial autocorrelation and endogeneity of infrastructure placement. The paper finds significant agglomeration economies. It is also found that firms are more likely to be located where local connectivity and access to markets are good. The paper finds that dealing with infrastructure endogeneity and spatial autocorrelation in the empirical model is important. According to the exogeneity test, infrastructure variables are likely endogenous. The spatial autoregressive term is significant. As expected, therefore, there are positive externalities of firm location choice around the neighboring areas.
I. INTRODUCTION
The new economic geography literature suggests that agglomeration economies are a key factor in increasing firm productivity (Krugman, 1991; Fujita et al. 1999) . Despite the falling costs of distance in recent years, firms still prefer to be located close to one another at a particular locality in order to share the common input markets of labor and intermediate inputs and thus minimize trade and transaction costs. This is referred to as economies of agglomeration, and the literature is generally supportive of this (e.g., Procher, 2011; Lee et al., 2012; Mare and Graham, 2013) . In many developed countries and rapidly growing emerging economies, firm agglomerations and industrial clusters have been established (e.g., Yusuf et al. 2008 ).
However, in Africa there are only a few examples of this occurring, such as the textile sector in East Africa (Otsuka and Sonobe, 2011) . It is well recognized that Africa has been lagging behind in the global manufacturing market since the 1960s. A number of constraints exist.
Among others, low labor productivity and lack of land access are significant constraints in Africa (Dinh et al. 2012) . Infrastructure is also a binding constraint. Electricity access is limited to about 30 percent of total population in the region. Many roads, other transport infrastructure, and services are poor in terms of delivery and/or condition.
Importantly, unlike general households, firms have more flexibility in choosing their locations, depending on available infrastructure services at each locality. Firms are clearly selective in this regard. Particularly, the literature suggests that transport connectivity is crucial to the locational choices of firms. In Hungary, road availability is found to be a significant determinant of investment (Boudier-Bensebaa, 2005) . Foreign direct investment tends to be concentrated in countries with good transport infrastructure (Cieślik and Ryan, 2004; Milner et al., 2006) . Access to ports is also important for investment decisions (Belderbos and Carree, 2002; Deichmann et al., 2005) .
-3 -The current paper aims at examining the firm location behavior in Tanzania, which is a country with a land area of more than 900,000 km 2 . Inequality of infrastructure access is significant, and the economic structure varies markedly across regions. While the coastal areas have good access to one of the major regional seaports at Dar es Salaam, the inland areas are more than 1,000 km away from the coast. Dar es Salaam is the primary city with a population of 4.4 million, while the regions around Lake Victoria are agriculturally very fertile. This is clearly posing a challenge to promote industrial clusters, while ensuring a balanced growth path of the whole economy. The paper analyzes how these characteristics affect firms' location decisions.
From the methodological point of view, the paper also addresses several important empirical issues, such as endogeneity of infrastructure placement. Firms may be located based on infrastructure endowments; infrastructure investments are also dependent on where they are.
In addition, spatial externalities may potentially matter, because of the spillover effects of infrastructure as well as agglomeration economies. To address these issues, the paper relies on the instrumental variable spatial autoregressive model (Drukker et al. 2011 ). The remaining sections are organized as follows: Section II provides an overview of recent economic and infrastructure developments in Tanzania. Section III discusses our empirical methodology and data. Section IV presents main estimation results, and Section V discusses some policy implications. Section VI concludes.
II. RECENT ECONOMIC AND INFRASTRUCTURE DEVELOPMENTS IN TANZANIA
The Tanzanian economy has been growing fast at 6.5 to 8 percent for more than a decade, supported in part by favorable international commodity prices (Figure 1 ). Manufacturing and services have been particularly strong contributors, partly because of the country's new discovery and production of natural resources. This is contributing to a significant improvement in the electricity supply, which has long been a crucial constraint on the Nonetheless, Tanzanian manufacturing is still concentrated on low-tech manufacturing.
2 Agrobusiness, such as food and beverages, accounts for nearly half of total manufacturing value added, followed by the nonmetal and textile industries. To sustain industrialization and maintain industrial competitiveness in the global market, further diversification is required.
Although the government has been making efforts toward creating many industrial parks, such as Special Economic Zones and Export Processing Zones, supporting infrastructure developments are still lagging behind and constraining firm activities (Ministry of Industry and Trade, 2012).
In Tanzania, electricity used to be identified as one of the most crucial constraints on businesses ( Figure 3 ).Only 13.9 percent of total households are estimated to have access to electricity in Tanzania (Table 1) . Of course, firms have relatively better access to electricity than residential users do. Still, self-power generation is costly, and the quality of the supply -5 -remains an issue. Since Tanzania is a large country, infrastructure inequality is significant.
Particularly in rural areas, access to electricity is minimal. Only 2,059 villages are electrified out of 10,652 village in Tanzania (Figure 4 ).
Tanzania's road network is in relatively good condition by regional standards ( Figure 5 ). The primary road network in particular is maintained well. However, transport connectivity in the country is in general still limited. Road density is low (Figure 6 ), and as a result only 24 percent of total rural population has access to an all-weather road within 2 km (Figure 7 ). (Table 2 ). This is followed by other major regional cities, such as Arusha, Moshi and Mbeya. These secondary agglomerations are located dispersedly in the country (Figure 10 ). The geographic distribution of firms is relatively less skewed in Tanzania than in Kenya (Figure 11 ). In Kenya, nearly 60 percent of total firms are based in Nairobi. In the East African region, the firm distribution is much more even in Rwanda, though the size of the country is different (Figure 12 ).
Notably, however, the primary concentration of firms in Dar es Salaam seems to be accelerating. About 2,300 firms were newly created or formally registered in the three districts in Dar es Salaam in 2010 alone. Particularly, other manufacturing sectors than -6 -agrobusiness are increasingly concentrated in Dar es Salaam (also see Figure 10 ). The following analysis aims at exploring the possible motivation behind firms' location decisions. -8 - -10 - -11 -
III. METHODOLOGY AND DATA
To examine the firm's locational choice in connection to site-specific characteristics, we start with the standard conditional logit framework (McFadden, 1974) . Suppose that firm i maximizes the following general profit function at location or district j:
where
is the mean profit level at location j and εij is an idiosyncratic error including firm-specific unobservables. x consists of location-specific observables, including a measurement of agglomeration economies and infrastructure variables.
Following Berry (1994) , the set of firm-specific unobservables is defined by
Then, the share of firms choosing to be located at district j can be written implicitly by
. When ε is assumed to be independently and identically distributed with the extreme-value distribution )) exp( exp(    , the log of the probability of a firm choosing location j is:
with the mean profit of the outside option normalized to zero. s0 is the share of firms that take the outside option. In our context, this is assumed to remain unemployed or work in the informal sector. In Tanzania, there is the significant informal sector. About 2.2 million people or about 47 percent of total nonfarm employment are estimated to work in the informal sector (Adams et al. 2013) . The potential number of firms that could be created is defined by the total number of labor force (aged 15 years and above) except for those who are formally employed, divided by the average size of new firms (i.e., five persons). In other words, it is assumed that unemployed people or informal workers can choose to register a -12 -firm and be formalized at any location, if the expected profit is positive. Otherwise, they continue unemployed or informal.
One empirical issue to estimate Equation (2) In the literature, two empirical solutions exist to deal with this problem. The first approach is the nested logit model, which can partly relax the IIA assumption across different clusters.
The potential disadvantage is that this is only a partial solution and the nesting structure cannot be known ex ante. The second approach, which the current paper relies on, is to allow correlated errors in ξj and eliminate the IIA assumption. This is more flexible with no presumption required and computationally simpler. , be s and x be X in the matrix notation, the following general spatial autoregressive model is considered:
where λ is a spatial autoregressive dependence in district share s. ρ represents possible autocorrelation in error term ξ. W and M are spatial weighting matrices. For both matrices, inverse distances between two locations j and k are used. This follows the Tobler's first law of geography: "everything is related to everything else, but near things are more related than distant things (Tobler 1970) ." Two locations are more closely related to each other, if they are located closely. The distance is calculated by the Euclidean distance between the two locations.
Another empirical issue to estimate Equation (2) is that infrastructure placement is potentially endogenous. Infrastructure investments are normally targeted. There must be good reasons for each infrastructure project. For example, productive firms prefer to be located where transport access is good, road authorities may also invest more in the places where productive firms exist. As the result, infrastructure variables are likely endogenous in the equation.
To deal with the possible endogeneity of infrastructure variables in X, the spatial instrumental variable estimator (e.g., Anselin, 1988; Drukker st al., 2011) Two types of infrastructure are considered in X: electricity and transport. To measure accessibility to electricity, an economic electricity cost is calculated for each district, using -14 -residential energy spending. As shown in Figure 4 , electricity access differs across locations.
Therefore, the economic cost of energy should be different across locations. With the option of not having access to power taken into account, the weighted average electricity costs are calculated in a spatial dimension. For Tanzania, four energy options are considered: grid power, solar power, own generator, and kerosene lamps as an option of not having power.
While grid power is the cheapest at 6.7 cents/kWh, lighting by kerosene lamps are about 50 times more expensive than grid power when lumens are taken into account.
Transportation is critical for any business activities. The firm location literature particularly focuses on accessibility to fundamental transport infrastructure, such as highway and ports (e.g., Boudier-Bensebaa, 2005; Cieślik and Ryan, 2004; Milner et al., 2006; Belderbos and Carree, 2002; Deichmann et al., 2005) . Three measurements are considered in this paper: (i) local connectivity, (ii) accessibility to the domestic market, and (iii) accessibility to the global market. Local connectivity is measured by road density at the district level. The domestic market accessibility is measured by the transport cost to the nearest city with more than 100,000 populations. Finally, the proximity to the global market is measured by the transport cost to the port (either Mombasa or Dar es Salaam). See Figure 8 above. 4 In order to instrument these infrastructure variables, two instruments are considered: (i) straight-line distance from each district to the nearest hydropower station, and (ii) straightline distance from each district to the linear proxy rail line between Dar es Salaam and Kigoma. For the former, it is reasonable to assume that hydro resources are fairly exogenous.
And the probability to receive "exogenous" benefits from electrification would likely increase if a district is located closer to hydro resources.
-15 -The second instrument follows the recent literature focused on the evaluation of infrastructure investment. Chandra and Thompson (2000) , examining the impact of the U.S. interstate highways on earnings of firms, argue that the non-metropolitan counties served by highways received exogenous benefits, because the interstate highways first aimed at connecting metropolitan areas. Banerjee et al. (2012) also apply the same concept for the case of Chinese railways, calculating the distance from counties to straight lines connecting historic cities and ports, which can be arguably treated as exogenous.
Following these studies, a straight-line is drawn from Dar es Salaam, from where the construction of the Central Railway was started in 1905, to Kigoma, a port town situated on Lake Tanganyika, which was reached in 1914 ( Figure 13 ). The railway construction was largely motivated for political and military reasons, especially between two European powers, Britain and Germany (Amin, Willetts and Matheson, 1986) . Since other transport infrastructure development followed the railway construction, the areas between Dar es Salaam and Kigoma are considered to be more likely to receive "exogenous" benefits from transport investments.
Other explanatory variables included in X are summarized in Table 3 . For obvious reasons, the firm location is likely to depend on the market potential, which is measured by the number of population. Labor market conditions also seem to be important (e.g., Procher, 2011) . Both labor costs and quality are included (i.e., average wages and education attainment). The recent literature focuses on the impact of local taxation on firms' locational choice of investment (e.g., Brulhart, Jametti and Schmidheiny, 2012; Mare and Graham, 2013) . Local tax revenue data are available at least at the regional level in Tanzania (denoted by RENT). Since agrobusiness is one of the major industries in Tanzania. Presumably, the proximity to agriculture production areas is one possible advantage for agrobusinesses. The total value of agriculture commodities produced in each district is used as a measurement for this.
-16 - 
IV. MAIN ESTIMATION RESULTS
Instrumental variable spatial autoregressive estimation is performed; the results are shown in Table 4 . First of all, agglomeration economies are found to be significant, but the significance seems weak. The elasticity is estimated at 0.14, which is broadly consistent with the existing literature (e.g., 0.18 for French firms in Europe (Procher, 2011) ; 0.37 for Korean manufactures in the U.S. (Lee et al., 2012) ; 0.05 for firms in New Zealand (Mare and Graham, 2013) ). The policy implication is straightforward: It is important to take advantage -18 -of agglomeration economies to strengthen firm competitiveness. But further efforts are perhaps needed to reinforce the agglomeration effect on the economy.
Second, the estimation results also suggest that transport infrastructure is important to foster firm concentration. Firms are more likely to be located where local connectivity (measured by road density) is high. Similarly, the domestic market connectivity is also found important.
The coefficient is significant at -0.37. Firms prefer to be based where the transport costs are lower to buy materials from and send products to the large city.
The global market connectivity is found far more important in terms of magnitude. The coefficient of TPORT is significantly negative at -2.44. Therefore, a large number of new firms are expected to be created at a particular locality, if the transport costs from that place to the port are reduced. This indicates the importance of transport corridor investments to connect better local cities to the port as a package.
Regarding other explanatory variables, the local market size is found to be important for firms to decide their location. This is consistent with prior expectation. Education is also important, because this would affect the quality of expected labor supply. Interestingly, the coefficient is significant for primary education, but not for secondary education. The results may be interpreted to mean either that higher education attainment is not demanded by businesses given the level of industrialization or that the quality of secondary education is not sufficient from the business point of view.
The impact of electricity access turned out unclear. The coefficients are positive, not negative, and statistically insignificant. One possible reason is that our measurement of power infrastructure may be poor, because our economic cost of power is calculated based on the residential power access data. Firms normally have better access than households.
Second, the power cost may not have much variation in the spatial dimension, regardless of the differences observed in our variable. Therefore, this may not strongly influence the firm location choice.
-19 -Another unexpected result is that the coefficient of local agriculture production value is negative and significant. It means that firms are more likely to be located where agricultural production is lower. This is intuitively acceptable from the urban-rural division point of view. Firms are located in urban areas. However, it also means that firms, partly including agrobusinesses, are not well linked to agriculture production areas. This may raise certain concern and remind policy makers of the importance to strengthen infrastructure investments to connect farmers and firms. -20 -
V. DISCUSSION
Given the above results, one of the important empirical questions is whether spatial autocorrelation really matters to the firm location choice. As shown at the bottom of Table 4 , the spatial autocorrelation is found to be significant. The spatial autoregressive term λ is estimated at 0.3 to 0.4. Therefore, as expected, there are positive externalities of firm location choice around the neighboring areas.
On the other hand, the spatial error term ρ is found statistically insignificant. This means that an exogenous shock in a particular district is not likely to affect its neighboring districts. For instance, suppose that some extreme weather events, such as flood, unexpectedly happen to a particular district. The event may affect the firm investment behavior in that district, but not in the neighboring districts.
Another important empirical issue is the endogeneity of infrastructure placement. If the infrastructure variables are exogenous, a more efficient model would be the simple spatial autoregression estimation without any instrument involved. As discussed above, the spatial autocorrelation is significant in our data; therefore, the ordinary least squares estimator is not likely to be unbiased in any case.
The estimated coefficients turned out to be broadly similar to the above (Table 5) . However, the conventional Hausman exogeneity tests suggest that the spatial instrumental variable estimator is consistent. The chi-square test statistics are estimated at 9.86, 2.68 and 4.44 for the column (1), (2) and (3) models. For the models with road density and transport costs to the port, the exogeneity hypothesis can be rejected. Therefore, the infrastructure variables are likely to be endogenous in our data. With two more instruments constructed: (i) distance to a line between Dar es Salaam and Mwanza, and (ii) distance to the border line between Kenya and Tanzania, the spatial -22 -autoregressive models are estimated (Table 6) . 5 The results are broadly consistent with Table   4 . Among transport variables, the global market connectivity, namely, transport costs to the port, turned out most important, followed by local connectivity measured by road density.
Therefore, the transport connectivity from cities to the port should be prioritized when public infrastructure investment is considered. 5 The rationale for the first additional instrument is the same as the rail line from Dar es Salaam to Kigoma. The Central Railway aimed at not only Kigoma but also Mwanza. The rationale for the second instrument is based on the historical fact that Britain and Germany were aggressively racing to develop railroads along the de facto border line in the 1890s, to claim colonial rights. Therefore, the areas closer to the border line would be more likely to receive "exogenous" benefits from railways and other transport modes developed subsequently.
-23 -
VI. CONCLUSION
Agglomeration economies are one of the important factors to increase firm productivity, despite the falling costs of distance in recent years. Firms still prefer to be located close to one another at a particular locality. Unlike other developing countries, Africa has only a few industrial clusters, such as textiles in East Africa. There are a number of potential constraints on businesses in Africa. Among others, labor productivity, land access and infrastructure are among the important common constraints.
The paper recast light on firm location behavior in Africa. Using the recent firm registry database in Tanzania, particular attention was paid to the effects of infrastructure conditions, such as transport connectivity. To deal with the potential endogeneity caused by infrastructure placement as well as spatial autocorrelation among neighboring locations, the instrumental variable spatial autoregressive model was applied. The results indicate significant agglomeration economies. Thus, it is important to foster firm agglomerations and increase industrial competition. It is also found that improved local connectivity measured by road density and transport access to large cities can attract more firms. The global market connectivity is also found to be particularly important. Firms are more likely to select a place where the transport cost to the port is low.
From the methodological point of view, the paper found the importance of dealing with infrastructure endogeneity in the empirical model. According to the exogeneity test, infrastructure variables are likely endogenous. In addition, spatial autocorrelation is also found to matter to the firm location choice. As expected, there are positive externalities of firm location choice around the neighboring areas.
